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CEB LHCaft««27*B*.fc 5 7-28£ fl U>X26 
iK»2lfl>1»IHEEU K**21±Tfc:-AXtf -7 h£U 

-if 3tco^577 ffii taar « 7? Mean s i*Tts#2i± 
■e»*e!S7a77'f;i'*»«T5. aa#xu— tf* 

!± 4 X I/— tf 588835. 36, 37, 38 . 

n^en* 7-31,32.33. 34 *3>L,-ctt»2i±canfc. 

0*K#X U— !f 360 K-Affitt-f-ft-en 5 in<73 fc<73£ffi 
Ufc. A r U-1f3fc51tttt»a!Etf*5fc*a*aiH« 
29 1 7 -< - KVN' -y 7 M&S24J: 0 U— tf HS23SSIS 

52. 53. 54. 55 6 A r U— tf 3t 51 1 ffl 41 Eft ItiSSIh^ 5 



(7) #Bfl¥4-338631 

j4«a«ttw«3ot7-f-HA-/^«wa43sat;Tft 
- ifa«39.4o.4i.42**«iasna. sss&fts 

HT£8{«fi 1 liS$1.0maO2^53?7^7XSfiSr 

Eit*a«f£*«i (LPcvDgg) «ffi^««ask 

ff&Aft&l:: <fc 0 ¥JSafl:S tli •> U ^ >S 2 t L,T£ 
*§S->'j3>i*!BI£?&fiEL£. ^-<73lg#l±3500AT£ 

o^tco)#^s>' , j3>ats2S7^h , jy^7 

i0 7^-(O^SlC<fc0a50D«fc7lCrJil00mBCOX h7-f7" 
TX h5-f 7"IBIPH100tfBCJniLfc. tH*T£<0Xh7 
-f 7** <73 £ •> 'J 3 ><73 h (Z L P C V D m S t> T 
*«iSim*SS{fcc73S?G3S®SIIH<5:LTS lOifflB 
. 3 6*Sl.2uiC»*Ufc. C«)J:5ir»«Lfc*aa 
•>U3>5ittafi*imjfi<OAr U— tf* (S1CDU— tf 
3fc) tm&Ji* U— tf* m2to\s—9W TBWCS 

a i o u— tf Jtta 2 <7) u— tf jtcEan^coj: 7 

5. ^MSv'Jn>X h7-r7*friS5!-rS«k7tAr u 
27 — tf#51« 5 7-28 £#UTS*j Z.Wf<F>^y 

-©aaaiisanikHzcfisut. *t5 7-©ag 

tt-> U 3 >ItTA r U— !f Jt5l© K-AOinfl* 1 
nn!C^«<±:7iCKSL/i:. 4t?<OKa^Xl/-tf»a« 
35, 36, 37, 38 «fc 0 16 It 2 nt 4 *COr^^X U— tf Jt 52, 
53,54.55ttai8C^rr<i:<a«<7)A r V— tf3t51<OS 
StfeSSB 7 <fc 7 IC^T£t- APflfB 3 muTES Lfc 
(Bl8ttBM«)W»*«Ufc**WT*S) . A r !✓— 

if*5i©a7j«.ow-fiiL, tr-A*atts«tt*« 

b 4*®Rg;J7v U— tf?t52. 53, 54. 55 CO {±1 73 *±r^-b- 
JO T^<&a»r*ArU— tfjeSiroK-AOHItT-Stt 
aO'>U3>a*tSiBT'5. CCO^*g(Ci=^T0 9 (C^ 
Ufci 7 &««8aSig B l{bC0/c«<73»i7'O 7 7 -f 

ssi i-cn^snx^-s. ^t^-exx-v25caAfc 

tt»a»a«CJ:OK«21*«*«3A r V— tf b'-A*« 
*i^a->'J3>X^7'f7'9 £S2-f 5 «fc 7 (C^WS 
5iAr U--tf7t51<73.BB|tSS<73v'j3>COg»S«8tt 
tt»21±T<OU— tff-AflJ«>t««:j6acflivv «S 

j*ni©T««ST#tfTn*. 4*©«a>y^u— !f* 

52. 53, 54, 55 T.%fi<JiC*f- h' =S nT^-53at-^S:Scai 

«7 utta»s»aafl:ii»»«ffa:^. tiioouBcomeBiiX 

S7-r7*tr«:5. C(73K?<D->'J 3>fgHSS<73T5l«!'N<73 
*tftttt»«»»a*. ^MTJXU— tf7tCOai73^(C<fc 
DSft** 1 . ami<73^ftSS 1 mm/ s . 4*<73^1E^ 
X U— tf 7652, 53, 54, 55 COti573 30W(7) t £. iS» 
v'J 3 ><73TTO($^<73#tf 1 nmV&ofc. r> 

UTfflflEftaia29rA r U-if7t51<7DBB|tgScO->U n> 

<oK-S£73iaasr^aL (aaaA) . wigosifflifiici; 

0fflSA*-JfcCtt5J:3CA r u— tf3ifi5ioai?j*aa 
L. H(Cfe7-OOiSS^iiiS30Ta^21co^2irl¥^ 
50 TTraffllCfrr;T<^>' l J3>SiKcoa{k§5^0 3llcT 



(8) 
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SE<M5OOuiO&80>&flE£&£!L (fflSSBB) . FISC 
^^U— tf3t52. 53.54. 55«3tB»S«»Lfc. C05<fc^ 



*(100)ffiElSit(lll)BEl*IT«r3t. «±<D£f£cOJijg 

[an 







(100) SEA 


(llDSDEfa 


aaasAcosateBcc) 


1423-1427 


1432-1438 


saa5Bcoax«5sec) 


1345-1350 


1325—1330 



(ooi5] nmm 2 

i>T, (lll)BEfi*Wt-*ff£,fifcK£(100)®Ef6l£ 
*T4?f*Sfi<bJR*ifi»L-C»J«l,fc. (lll)ffiElfil* 

nO 100 y X 100 /i CO P I N7* h^-f K<05?£125 
wf-y^TJgfiSLfc. £fc(100)®E[6]£WT3Pf*S,fl 

>y7?i»ea3^'f •y.3 i £jei£L£. CC07.-f -y xJ*! 
li^SSA^cOv-a-y^it^lCirjie*. SBSflftf^SffJi 
3££E«fci3±EP I N7* hy-f *-h*<7)ft<I*l£iS 

PI«¥*fc£**JB^Tl*5c©3t*>tf7U- ($£ 

(0016] mssn (*tta«* feo 

TFT) *»H<D*KH*B17SJB^T1M!T*. *H 
J6fl"CH:3Bl©l'— tfJttbTArU— «f3t*. 312(0 

3£51tte-Agl. 9naCOt)©$T;l/?7'f ><Ofg£tf® 

Stt»21±TilLSSIS.W:3 CE« L. 3!tC«»!fct*27 
5-28*dbl/>X26ttt»210*fflCEllx 

«S21±TK-AX#y tf3C©*a^iaitK2 
. T 577 A caft4-*TK»2l±T*«©IS7*o 7 7 -f ^ 
£Jg(£T-5. «!E3tfXU— !f3t52.53.54.55M;4fc0>» 
g# 7. «8«H3S. 36.37. 38 Sffl ^T-5"ft-?tU 7 
-31. 32. 33. 34 S^LTK»21±C3H»t. rS^7, U 

— tfjtcot-AgJi-en-fnsBBOfecosfflut. Ar 

U — »fjt51 ttttJta*ff-A» S ft 5 SS^tB §8 29 1 7 -f - 
FAy*WWS24J:D U— !f*S23£i&|$ U t'-ACO 



27 A-ydrfHffllS524£ai;TS-«r«)U— tfaS39.40.41.42 

(wL-Tf^^-rS. H13Ci3HT3S&*Sfi 1 1.0« 

«£*fcC*Difc»L^fc¥»»i£ftSai (LPCV 

5 •> 'J 3 >S 2 t l,T*8fi-> 'J 3 >3fiS£J&6£ t £. 
•5-COJBIJ1 114000 ATS -5. #8fl->'J:3><D±CLPC 

LI S 1 Oi«B3 <6W32.0tfiK:»aifc. CCOi? 
.30 IC)Bl6£L/i^iSS-> l J3>»Sia^^Wa©Ar U— tf 
it (SSKOU — tfJt) iKS^XU— 3% (31 2 tO U- 

-tfft) TH»t:H»i/. in»*«L**B»Stt»fl:fc 

lr»TttA r U—!f 3etKI63tfXU—tfJCObr-A©H» 

««»flKK2T4.fc3»;:Ar U-tfJtSlttS 
7-28£ffl^T«ftSi±fc. £<OS$©5 7-<Oiiftffii£ 

Ji±TA r U— tfJt51C0fcr-ACCffin«iUBBCtt5«t 
4*©8tK#XU'--!fJt52.53.54.55tt 
Sl8ICjKTi:7lCS8tijcOA r U— tf3t5lO»«tfil*B 
3£5C##T4k*-A|BJIiS53iBTESL£:. A r U— 
+f7tSl©ii57J ; £2.0W-S<i:L, k'-A£®»j2i±ftA { 
b 4 £c0kK#7x U— tf 5t52. 53. 54. 55 OffiTJ * ±# L, 
TVK tfiftT-SA r U-+f 7t51cok*-AcoraWT5fi 
Sco->'J3>S^SaTo. c©«SSCiit»TH9C* 

50 5«lJtTSI3lS*X"CH-5. OUt^f-; x25C«*fc 



( 
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K8»ft3«CJ:0Kfi21«8ftStf*fcA r iV— «f3t 

k'-AOffittW&itSt::^. SS/jfaroTrafM^Ttfi 
tfT^*. 4*©KI6^^U— tf5 l 652.53.54.55T»W 

2.53.54.55<OSiJ^A<S-<r30W<73i:#S»*> , J3>roTSS 
ffl^(7)<7)i;{i*«JlnBT*^t. t3^TiaSftttJS29TA 

(0190SIS8BA44) . m^W$1Sft{C<fcOSgA { -S 
Cftii^CA r U-1fJfc51«)Hi7J*MWU HCtt. 
6 5-tJOTa«&8«3OTSm210*SEEi¥-3TT»« 
!C£>tfT< 5->'j3>SifficOSfkSiO!g(CTtS(iI500 
MDKDSSWfig^^L (019O$lfigSB45) . RSI 

KtfaU— tf^52.53.54,55rotii^S-*lffiILfc. Z\<T)£. 
^^awaSA. B44.45«)2*3f<OfflaS— SCWWT 

44,45<7D2; i 7fW<Dfig£2 1 KiiVf «BlC«£f 5<h|3] 

•J a >cDE(6lB(i (100) ffiElfil £ (111) SEAT® o fc. 
X. ^^ a B a OS^Sn^®«(Ci3V^T(iA r U— tf sia 
tf. 4#OCOi U— «BfflS£/J!HTCOi U— *f52,5 
3. 54. ssflgajt sfTfcfrfc^i SLt<ofgfee> 

|8H±*IM3»L:3-3bS« l ±C(100)ffii(lll)ffi«=«WS 

jSLfe. ftis. 0i9{4Si8©i^?iU— tfjtoEBT* 

agrees; i od u— tfjtosw^atft^^sss^* 

£}# L T&7? C # tf£ - 1 * CSt t) <Z>T » * • 
CW'<£. SS£3S3 OS i 0:3P)S£iiai 7 -ygiSS 

[0 0 17] X&0!4 (]HaAM*£:^MJIfl«««>0 

TFT) B 32lSffl^TKWr«. *3H6Wi3H60»l 3 0 

■5SifeSlkS61<i: (100) ffiEl*l**"r5l*»llfl:»62S 
j6SIUTJB.SE L. *«3IB|0(R*tCSi*«Sft-> l J =1 >63£ 
JBsJELfc. *<B«. ii#0D^^*yn-tX*ffl^T(ll 
l)ffiElSlSW"4"5S«aflai61i:Ctt3e5l'3ji*«<OiB 
fS OISSfJD lOOy xiOOyODP I N7* h^-f^-F 
CD 3*164* 125 uml^yxTJ&BxL/i. £fc (100) EEft£ 
WT-SS*3B S B{t.m62±!r!i±f50P I N7* h^-f 

F ET^b'i-SX-f •yr-65$JgfixLfc. COTMOSSF 
ET65<hP IN'7t h 9< K £16403 afC«fcSU3i!C 
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fi^fly 'J 3>£fflUTE'«66£fr-o£:. ClCD^fSli 
— vU3>li¥$#7nt**<a*l$&l£»l8lc&^T 

tJSSni. MO SSFETCDT.-f -y^Mifl-SB^bCD 
*a?*flM»EJ:D*&. HHftfP*ff^. ±EP I N 

JRE8£'>£ <Ltl &tc<0 jft >tf7 U- (SK 8 * 
i0 /ma) A^BJEUt. 
[0018] HJgt^ 5 

tt. tfTttLTA r U— If*. 3B20U— If 

* t UT^K U— !f 3t*ffl^fe. A r U— SfJtSltt 
t'-Agl.9inB(0 : o<7DS T ?';i'T-7'r ><75SfittSTffl 

n. ntto3i;-A»*fi»)«-r4fc*c:dbu>x26*a 

fi21±Ti».«*tS-KJ: o (CES U5l::igftfi3{*27£{IA. 
£5 9-28t£iU>X26i:tt»21©«t«IBKEiVttS21± 

i» c«ftS*Ttt»21±-«l«0!BS7'n7r'f^*»«T 

2. 53, 54. 55 fcffi^T-S-ft-^n = 7-31. 32, 33, 34 Sfl- U 

n^nsmncofcto^^fc. a r u— tfjtsinawss 

li-^^^-SSS^ai SB29 i7-f - hVty *S!ffllS824<fc 0 

fis* { -sic7ia^^c-5-<oai^s^sisnT^5. £ 

U — tfftfcA r IV— tfftiPj&Cft&tagif- 
A» 5 fc 5 fiS^lii §530 «h 7 -< - K rt -y ^JW§843 C 
30 Tfi-*©U— tf*S39.40.41,42A«SiaiStl5. S^al 
ftlS$JBefr^Sffili£AT<o«fc^icUT^sJET5. S13 

Ci3^T^*Sfi 1 HffS 1. emiiKaigaaS^tf 7XS 
C03^7 7.^}#«:S1fil$«i£IC e fcO!jj:^ 

Jl{fcSft*->U3>l2 iLT#aK->'J3>Bm*» 

fiELt. -€-WSJ¥«3500AT® 0. 7K3R-&ff^H I 

SJiV^efir«fc00.8atoiii%T*^^:. *C CO?^ 
SH->U 3>S<73±ICL PC VDgaSffl^t, *^Ei§ 

api^a{t:oii#<osffi«HiS3 tuTs iOiSis^j? 

>W«tt»*lllia©Ar U— !f3tt (3Bl»U-1f3e) i 
Klif^i/- !fjt (»2<DU-if3t) T^irffijfsn** 

u— tfjttszcou— »f3troES!i*©«fc^T*-5. S 
»»»^Fl»lCiI2"r4J:3!3A r U— y3tt51«5 9-28 
$^^Tiifl$-!+fc. Z(?3^<7D5 7-OfiSJ/liS?£lil 
kHziraSLTi. s7i2 7-<otH@!i^ l Jn>Jl±TA 
r iV— tfTtSlWt'— A<7DStl<SA) ! 1 iiunlC/i-5iolCSS 
Lfc. 4 *£> * ^ U— tf it 52. 53. 54. 55 ttH18ICiS 
50 tri<!Stt(OA r U— tfJt510)Hj|tfirBSH o i 5 1= 
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»*»rSf-A|S|BI3iiiTESLt. *K. A r U— !f 

4*ORK^XU-if7 l c52. 53.54.55OTtti7J£J:#LT 
U<£. IUT5A r U— tfft51OTfc:-AOTra*tr*ft 

ao3->u 3>sd«fgar-5. ::OTtt£ic£oT0 9 cs 

gffil iTSJSSntHi. S5C. Xt— >*25C«;i 
fefitffcftfilWlCiO. K»21S»*©Ar u— ye- 
AC»t,T»»Sl*4t. Ar U— tJ ! 3t51<OBa«t8«)-> 
•J3>fl)S»«*tt. K821±-COTU— Ftf-A©*** 

©KBWXl/— !fjtt52. 53.54.55T**WfC^-HSnT 

♦S500 y BOX h 7 -f 7ttOT¥8.1 •> 'J a 

a^2i<c^»asiM»/s . 4*o«is^u— tf 

Jt52. 53. 54. 55 OTttf7J#£* 30 WOT £ iggi x 'J a > 
OTTol«H^OT#tfttiii$«fc-?-linT»t>fc. dOTiS. 

ss^aiS829-c. Hwcsr* 3 c a r v-*f jesiosi 

#gBOT->'Jn>OT&j£OT£g£&5]L <44TSftrilM 
A) , ttifi©*JWacj;0Mat--jeEfc*J:3CAr 
U— !f3eSl©ffl**«»L. MlCfc3-t3OT£S^aigS 
30-C, tm21©«SC#?TT««C*l'tfT<*5''j3 
>«8SOTBfl:§B.J: OHlcT5itlffl500 u mOTegOTiSSSSi 

ai <45Tsr*s«B) . m%uzimmoM'mmz£o 

S«A<-SIC?S -5 i5C4*0«ll^ U— tf ft 52, 53. 
54,55OTaj*SSH3Lt. COTiolCiliSgSA. BOT2 
AJJr©aS*-«K:*«r4;: tCJ: 0 U— tfftOTSffi 

5CSiaS8AOTiaS85H«1420t:~1430 < Ci:L. 
38£§&BOT£gS5ffl£1330 , C~1340t:£££r-5<i:. 0 

uTsr-u^y u-f >n>yj -OTSs^safr-oftv* 

SB83S3OTS i 02»«$IS»7-vS®iglCTX-y 
[0019] fS^CT 6 

(BSIigfll) lOOuBXIOOtfnOTa-S i : H 7* hy-f r 
-KWfl*125tfiKy?-C»(£Ofc. Sfc. JfUtUv'J 
n>3S±(C(i. ±127* h^-f r-KOJUCB^CS 
IPLT. »^*5l0tiJr^*OTMOSSOT«#a*h7 



(10) #Bfl¥4-3 3 8 6 3 1 

Wtt«*ffl*C«ar*. ZOT«t3ICLT*«^OTiW!S 

/mm) d<Sc5£Lfc. 
[0 0 2 0] tt»W7 

HJSfiSI 5 t m& OTiS^5l5^5 Xifiii: L P -C V D 

«3400AT£D. RX** 

9#8t lttC5. 5aton%T£-3>t. -5-bT, COT^ 

SSv'J 3>SOT±(CL P-C VDSlCfcO. SlOiif 

-f F#35£U xA'-f Z««OTtJ6OTSffit LT&ffloJ 
OT 12ft b ftfc fc. 
[0 0 2 1] 

[56*1 *^^!Cid. 1 OOT^«ftS±OT«SS*S 

h o t) OTT«e£$ nfcff s l -r yoaw** 

a? «. fflftCaisfctSflEfflffi. *«^ttll«tt*#r* 
I«*tt*i:»«T#50T. xA'-fX&fK Kii7*a 
tXS?OTBTOT S fig^Ed** SSttftOx/'C 

-f^saftract^T**. 
[Si] BBHUfttteaattsaflWH&oJteCJ^T 

tt*ltafl:r5Ct'«;*r«BHT*«. 
[0 2] »lllfttJiaclitt'*il«»*«)*^K:J:-3T 

tt^^S-ftr -5 d <£: €:*rasss-c« 5 . 

[S3] urn. ntt*ffc©#i*i<fcsi)K*it*S'y3 

JO >3HKOT$r£U»SS#*£SU v'J3>OTfflL£l412 

@ft*5. (b)n. ->'ja>»^OTS^wr^jestt 

[0 4] sat^'JaxoBffiffBOttlBB?**. 

[05] amisffi±c»ttsftfc>' , j3>i«>*** f 

X h7-f 7 , «OT«&€r^r»BI¥*»SaOT¥S0T* 
[0 6] «*tt»«±CRtt&nfc->'J3>l0»tt# 

47 a«OT«-g-ssri»)s^3j»saOTTffi0Tffl^. 

[0 7] »»ttaS±C»tt6ftfc-> , J3>l«>»*** 

. . [0 8]. *^^OT*«isssiiiga 3 B{tOTtt*ssjKrflia^ 

g#OTS?S0T«-5. 
[0 9] *^^OT2S^OTU— tfJtC*4iO»«*©a 

[0io] *»W0»tt«{UJt0>xa tf-***"*". 

[011] (a)!i(100)^alEl6lBOT77-t-y hBAS^jK 

r. 

50 (b)li(lll)^a%El6lBOT77-t-y Kffi^S^^r. 



(11) 
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[014] *58W©aHB|i|i»*aBCffl^»4 2KftU— !f 

[015] U-+) : ro7t!SS£7)7w- Rt7^->XfAO 1 

[016] u— $toW&&.<n-7 4-}*rtv9i'7.7-i±<nfo io 
<n i^istk-T. 

[017] *3fi**lSWC*tt*U— tf«*fxZxA$in 

r. 

[018] g 1 I/— «* fcSB 2 I/— 

r. 

[019] *j?9!iijgw<ou— tf>twfia-?ff*3n5*« 

[020] atth-**JlI«r>fclMHSIH£0)**H-c* 

[021] (a)tt. **w*iSW4-cfflv»fcSPBi i i s «»*a a> 

a<Z)¥S0T®3. 

(b)i±. (a)€J0XLT'#bn/i||JS9S|4W7 l £-fe>U-7U 
-08tBS0T®5. 

I Ifi&ftSS 

-2- ¥S*JI (v'Jn>Ji) 

3 £S£gJ§ 

4 JB1CU— 3*36 

5 !f36- 
8 

II fgi&ttSIS 

12 U- 

13 U—t'Hig 

14 7-<- FA-y?£HS§5 
15 



16 3tsa§5 

21 

22 A r U— 

23 A r W-if «8 

24 ArU-fffl7^-HA 7 ? 
25 

26 dbl'>X 

27 i7-l»«« 

28 Arl/- !fffli7- 

29 A r I/— tfJBiaffttfclSB 

30 auwxu— tffflauewjia 

32 ftnif^u— yffls^-auos 

33 ^g^Xl/- !fffl3 9-tt»a 

34 tf^S5-ttfflS8 

35 tf^SH 

36 ftBWXU— tfJfiJBS 

37 saw/* u— ««s«s 

38 RStfXU— «6«8 

39 kSJ^XU- lf«S 

40 saw*u— tf*a 

41 SHStfXU— tf** 

42 iSt^l/-!fSS 

43 ^S^XU— lfffl7^r — FA'y^ 

44 SiiSSSA 

45 SliSSSB 

46 SStffl« 

51 A r U— V fc'-A 

53 RIW^ tftf-A 

54 MWXU— 

55 «**XU— tffcT-A 

61 aiofflEflfrr^aiMMM:** 

62 (iOO)iBEl*Ift*T*WlB*fl:«l« 

63 3>9M- 



[01] 



[0 2] 



[03] 




[0 4] 



[0 5] 




[0 6]" 



cure 
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[3 7] 



(HI 1] 



1900- 




■MI2-C 



[BIO] 



UIU 



4- 
3- 





[HI 3] 



[3 12] 





MA 

iTT 




[019] 



44 




(HIP 7 * t !• 



[015] 



[0 16] 



[018] 





,12 
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Manufacturing Thereof 
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(57) [Abstract] 
[Object] 

Conventionally in thin film semiconductor devices, there 
has been not an idea that different crystal orientation 
surfaces and/or different crystal conditions are arranged in 
specific areas in a semiconductor layer. The present 
invention is to realize the above innovative idea. 
[Structure] 

In a thin film semiconductor device that has a 
semiconductor layer on an insulative substrate, the above 
semiconductor layer comprises crystal areas wherein specific 
areas have different crystal orientation surfaces and/or 
different crystal conditions per area. 
[Claims] 

(1) A thin film semiconductor device that has a 
semiconductor layer on an insulative substrate, being 
characterized in that the above semiconductor layer 
comprises crystal areas wherein specific areas have 
different crystal orientation surfaces and/or different 
crystal conditions per area. 

(2) A thin film semiconductor device set forth in claim 1, 
wherein the above semiconductor layer comprises a 
monocrystal, and the crystal orientation surfaces thereof 
comprise area having (100) plane and areas having (110) 
plane . 



(3) A thin film semiconductor device set forth in claim 2, 
wherein the above semiconductor layer comprising the above 
monocrystal is formed in band shape or spot shape. 

(4) A thin film semiconductor device set forth in claim 1, 
wherein the above semiconductor layer comprises monocrystal 
areas and polycrystal areas. 

(5) A thin film semiconductor device set forth in claim 1; 
wherein the above semiconductor layer comprises monocrystal 
areas and noncrystal areas. 

(6) A thin film semiconductor device set forth in claim 4 or 
5, wherein the above monocrystal areas comprise (100) 
orientation area, (111) orientation area and (100) 
orientation area and (111) orientation area. 

(7) A method for manufacturing a thin film semiconductor 
device, wherein band melting re-crystallization method is 
applied to a noncrystal or polycrystal semiconductor layer 
formed on an insulative substrate, and the above 
semiconductor layer is converted into a monocrystal layer, 
and the above method being characterized in that a laser 
beam that is absorbed in the above semiconductor layer and a 
laser beam that is absorbed in the insulative substrate are 
used in combination and radiated at the same time as a 
heating means for the above band melting re-crystallization. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a method for 
manufacturing a thin film semiconductor device and an 
innovative type of thin film semiconductor device that is 
obtained by use thereof. 

[0002] 

[Prior Art] 

Conventionally there have been many methods for forming 
a monocrystal silicon thin film on an insulative substrate, 
namely, what are called SOI formation methods. In most of 
them, a noncrystal or polycrystal silicon thin film is 
formed on an insulative substra te, and this noncrystal or 
polycrystal silicon thin film is melted once by use of 
various heat sources, then cooled and solidified to be 
recrystallized, and finally is made into monocrystal. As 
heat sources in this case, used are a laser beam, electron 
beam, various lamp beams, wire-shaped carbon heater and so 
forth. The crystal orientation surface (a silicon crystal 
surface to appear on substrate surface) of a monocrystal 
silicon obtained by SOI formation method using such a 
conventional melting re-crystallization method is determined 
by the orientation surface of the seed crystal thereof in 
the case using. a seed crystal at melting re-crystallization. 



In the case of a substrate of a structure wherein an 
insulative film is formed on the above insulative substrate 
by methods for forming a silicon oxide film or various films 
on silicon wafer thereof, as for a seed crystal, a hole is 
made on an insulative layer on wafer before forming a 
noncrystal or polycrystal silicon on this substrate, and 
noncrystal or polycrystal silicon is formed so as to cover 
the hole, and the above melting re-crystallization is 
carried out from the upper of this hole, thereby part of 
wafer may be used as a seed crystal. However, in the case 
when the above insulative substrate is what is called an 
amorphous substrate made of quartz glass and so forth, it is 
impossible to control the orientation surface of 
jce^rystallized film by the above method. It is known that a 
monocrystal silicon thin film of (100) plane orientation is 
obtained in the case wherein a polycrystal silicon film is 
formed on a quartz glass substrate,, and an- oxide silicon 
film is formed thereon as a surface protective layer, and a 
polycrystal silicon layer between the quartz glass substrate 
and the oxide silicon film is melted in band shape by heat 
supplied from external side and is re-crystallized thereby. 
This method is called Zone Melting Recrystallization (ZMR 
method hereinafter) , and is known as an SOI formation method 
without using a seed crystal. Further suggested is a method 
wherein a place where core formation density is high is 



formed on an amorphous substrate by various methods, and a 
monocrystal silicon is selectively grown thereon by using 
the difference of core formation density on substrate. In 
these SOI formation methods, the crystal orientation surface 
of a monocrystal silicon formed on an insulative substrate 
is determined by the crystal surface by a seed crystal 
thereof in the case using a seed crystal. And according to 
the above ZMR method, at present it is not possible to make 
other crystal orientation surface than (100) plane stable. 
Therefore, when a semiconductor element is formed with such 
thin film semiconductor components as raw materials, the 
characteristics thereof are determined by the crystal 
orientation surface of the thin film semiconductor 
components used, accordingly, it has been very diffi cul t to 
select crystal orientation surface suitable for 
semiconductor element, and further to obtain an SOI film 
having different orientation in a single substrate in order 
to form a higher performance semiconductor element. Thus, 
the monocrystal silicon thin film obtained by SOI formation 
method using the conventional melting recrystallization 
method exists continuously on whole substrate surface, or 
relatively wide area, and the applications thereof as thin 
film semiconductor raw material have been limited to ones to 
device drive portions as TFT active layer and so forth. And 
it has been very difficult to manufacture a single substrate 
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having a polycrystal silicon or noncrystal silicon layer. 
For example, when to form a sensor portion by use of 
noncrystal silicon in a single substrate, in addition to a 
process to form a monocrystal thin film wherein a 
monocrystal silicon thin film in a necessary area is etched 
and removed by photolithography, and remaining monocrystal 
silicon thin film portion is masked, and noncrystal silicon 
is accumulated by method of CVD method and so forth, it has 
been necessary to carry out a process for forming noncrystal 
silicon newly. 

[0003] 

[Object] 

The first object of the present invention is to provide 
an innovative method f or manufacturing S OI by zone melting 
recrystallization method. The second object of the present 
invention is to provide a thin film semiconductor device 
that comprises areas of different crystal conditions and/or 
different crystal orientation of semiconductor layer in SOI 
and may be used for new types of multiple applications. 
[0004] 
[Structure] 

The first of the present invention relates to a thin 
film semiconductor device that has a semiconductor layer on 
an insulative substrate, being characterized in that the 
above semiconductor layer comprises crystal areas wherein 
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specific areas have different crystal orientation surfaces 
and/or different crystal conditions per area. The second of 
the present invention relates to a thin film semiconductor 
device set forth in claim 1, wherein the above semiconductor 
layer comprises a monocrystal, and the crystal orientation 
surfaces thereof comprise area having (100) plane and areas 
having (111) plane. The third of the present invention 
relates to a thin film semiconductor device set forth in 
claim 2, wherein the above semiconductor layer comprising 
the above monocrystal is formed in band shape or spot shape. 
The fourth of the present invention relates to a thin film 
semiconductor device set forth in- claim 1, wherein the above 
semiconductor layer comprises monocrystal areas and 
polycrystal areas. The fifth of the present invention 
relates to a thin film semiconductor device set forth in 
claim 1, wherein the above semiconductor layer comprises 
monocrystal areas and noncrystal areas. Especially the 
content of hydrogen in noncrystal area is preferably below 1 
atom %. The sixth of the present invention relates to a thin 
film semiconductor device set forth in claim 4 or 5, wherein 
the above monocrystal areas comprise (100) orientation area, 
(111) orientation area and (100) orientation area and (111) 
orientation area. The seventh of the present invention 
relates to a method for manufacturing a thin film 
semiconductor device, wherein band melting 
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re-crystallization method is applied to a noncrystal or 
polycrystal semiconductor layer formed on an insulative 
substrate, and the above semiconductor layer is converted 
into a monocrystal layer, and the above method being 
characterized in that a laser beam that is absorbed in the 
above semiconductor layer and a laser beam that is absorbed 
in the insulative substrate are used in combination and 
radiated at the same time as a heating means for the above 
band melting re-crystallization. 
[0005] 

Hereinafter, explanations are made on silicon as a 
semiconductor thin film layer under the present invention, 
however, the present invention is not limited to silicon, 
but may be applied to all the raw materials wherein crystal 
structure has a diamond structure or a zinc blend structure 
such as single or compound semiconductor of cycle ratio IV 
group, III-V group, I I -VI group, concretely, besides Si, Ge, 
SiC, BN, BP, BAs, A1P, AlSb, GaP, GaAs , GaSb, InP, InAs , 
InSb, ZnS, ZnSe, ZnSe, ZnTe, CdS, CdSe, CdTe, CdHg, etc. 
[0006] 

A method for manufacturing a thin film semiconductor 
device disclosed in the present invention is characterized 
in that when a monocrystal silicon thin film is formed on an 
insulative substrate by zone melting recrys tallization 
method, a laser beam that is absorbed in the above 



semiconductor layer and a laser beam that is absorbed in the 
insulative substrate are used in combination and radiated at 
the same time, thereby silicon is melted to be 
recrystallized. Further, method for manufacturing a thin 
film semiconductor device disclosed in the present invention 
is characterized in that when two laser beams are radiated 
to recrystallize a silicon layer, radiation conditions such 
as output, beam shape, radiation position and so forth of 
two laser beams are changed, and temperature profile of 
melting recrys tallization area of silicon layer is 
controlled, thereby the crystal orientation of monocrystal 
silicon is controlled to be (100) plane or (111) plane. 
[0007] 

The format ion of monocrystal silic on of noncrystal or 
polycrystal silicon formed on an insulative substrate by 
melting recrystallization method is explained hereinafter. 
When noncrystal or polycrystal silicon formed on an 
insulative substrate by various heat sources is heated and 
melted (silicon melting point 1412°C ) , and the heated 

portion is scanned relatively on silicon layer, melted 
silicon is cooled down and solidified to be recrystallized 
as the movement of heat sources. At this moment, in the 
condition wherein the temperature distribution of melted 
portion by heating is high at center and low at 
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circumference as shown in FIG.l, recrystallization of melted 
silicon starts much at the same time from the circumference 
of melted portion, as a result, recrystallized silicon 
becomes a polycrystal body. In order to prevent such 
polycrystallization and to . carry out recrystallization, it 
is already known to make the center of temperature profile 
in melted area (temperature profile in the present invention 
shows temperature change in a series of phenomena of silicon 
melting recrystallization processes, i.e., heating, melting, 
cooling, solidifying, and concretely, is expressed by 
measuring temperature at the above one or plural conditions, 
or physical amounts showing temperature.) lower than 
circumference. Thereby, as shown in FIG. 2, recrystallization 
alwa ys st arts at the center, and recrystallized silicon may 
be obtained as monocrystal. As for heat source for them, 
laser beam is mainly used, and the scanning speed of heat 
source is around 10 cm/sec. Further, as another method for 
forming a monocrystal silicon thin film on an insulative 
substrate by melting recrystallization method, there is Zone 
Melting Recrystallization method. In this method, the 
formation of monocrystal silicon is described as shown 
below. The outline is shown in FIG. 3, and when a silicon 
layer for melting recrystallization is heated and melted in 
band shape, silicon layer at other than area 8 melted in 
band shape is heated up to a temperature near the melting 
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point of silicon, and melted area is moved, thereby silicon 
is solidified and recrystallized and monocrystal silicon is 
obtained. At this moment, at solid - liquid boundary of 
coagulation of melted silicon, as shown in FIG. 4, there 
exist area of excessively cooled condition that keeps liquid 
status even after silicon melting point 1412°C, and solid - 
liquid boundary of recrystallization of silicon is said to 
be formed by gathering of (111) plane faucet (small crystal 
plane) where growth is most slow among silicon crystal plane 
in this excessively cooled area. As for the formation of 
monocrystal silicon, along with movement of melted area 8 of 
band shape, excessively cooled area moves, and in this 
excessively cooled area, faucet plane comprising silicon 
(111) plane grows continuously. As a method for forming - 
melted area in band shape, there are a method where heat is 
given by linear carbon heater arranged near substrate, or RF 
inductive heating method and so forth. The movement speed of 
melted area in band shape in this method is around several 
mm/sec, and in solid - liquid boundary of recrystallization, 
a status of almost heat balance is realized, which is one of 
characteristics of this method. In the case of Si0 2 formed 
by heat CVD as an insulative substrate of quartz glass (or 
Si0 2 layer) and as surface protective film at 
recrystallization in recrystallization monocrystal silicon 



12 



thin film formed by zone melting recrystallization method, 
though seed crystal is not used; crystal orientation surface 
of recrystallized film is (100) plane. 
[0008] 

The present inventors focused attention on this zone 
melting recrystallization method, and have invented a zone 
melting recrystallization method using a heating method 
having functions different from the conventional heating 
method. As a result, by use of a method according to the 
present invention, it is possible to control the orientation 
surface of recrystallized monocrystal silicon film into 
(100) plane or (111) plane which has been difficult 
according to the conventional zone melting recrystallization 
method. The technical background of the present i nventio n is 
described hereinafter. In the present invention, as heat 
sources, a laser beam that is absorbed in silicon (the first 
laser beam hereinafter) and a laser beam that is absorbed in 
insulative substrate (the second laser beam hereinafter) are 
employed. This is because these laser beams are heat sources 
extremely fit for forming monocrystal silicon on insulative 
substrate by zone melting recrystallization method. First 
described are advantages of laser heating method in zone 
melting recrystallization method. FIG. 20 shows heating by a 
liner heater generally used as heating source in the 
conventional zone melting recrystallization. At temperature 
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range near the melting point of silicon, heating from liner 
heater is mainly of radiant heating, and in such a case, the 
heat amount received from a heat source at an optional point 
on substrate is calculated by the following equation (1) . 
[Equation 1] 

L (1) 

wherein, Ql — » 2 is heat amount at optional point on 

substrate received from heat source, 

L is distance between heat source and substrate having 
semiconductor layer, 

Ai is area as heat source of linear heater, 

A 2 is area of semiconductor layer to be heated, 

dAx is micro area in A x , 
dA 2 is micro area in A 2 , 

01 is angle of dA x to dA 2 , and 

02 is angle of dA 2 to dA x . 

As is apparent from the description of the equation (1), 
the distance between heat source and substrate affects with 
the second power. Namely, in the case to realize temperature 
profile for stable zone melting recrystallization by radiant 
heating, it is necessary to control the distance between 
heat source and substrate precisely. This requirement to 
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heat source is not limited to the case of linear heater, but 
in other heat source, it is inevitable so long as heating 
method is by radiant heating. In contrast, in the case where 
laser beam is used as heating source, heat generation is 
absorbed in laser beam, the temperature profile on substrate 
is not affected by the distance between substrate and laser 
beam, and in consideration of excellent parallel property of 
laser beam, it is possible to lead a light source from an 
optional position onto substrate. And in the zone melting 
recrystallization method using conventional heating method, 
cooling speed must be made small from necessity to form 
excessive cooling area in solid - liquid boundary of 
recrystallization. Therefore, it has been necessary to heat 
the whole substrate up to near silicon melting point in 
order to make heat curve of solid - liquid boundary small. 
As a result, the substrate after zone melting 
recrystallization has often causes heat deformation owing to 
high temperature heating for a long time. And a heating 
device may be large, or dimensions of a substrate may be 
restricted by restrictions of device. In contrast, in the 
case of heat source of laser beam, since laser beam has 
sufficiently high energy density in comparison with other 
heating method, it is possible to keep laser radiation area... 
at sufficiently high temperature against heat release to 
ambiance. Accordingly, there is no need to heat up the whole 
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substrate up to near silicon melting point, and there is not 
a problem of substrate deformation by high temperature 
heating as seen in conventional zone melting 
recrystallization, and also there is not any restriction of 
device for heating substrate. In addition to the 
characteristics of the case when laser beam is used as a 
heating source, in laser beam, the size thereof may be 
optionally varied by combination of lenses, mirrors, and 
other various optical parts, and laser beam may be guided to 
an optional position, as a consequence, it is possible to 
carry out the process of zone melting recrystallization 
selectively only on one part in substrate. Further, 
absorption of laser beam into raw material is limited to 
depth several ten [im from the surface of r a w material, 
therefore, in the case of laser as heating source, only the 
surface of substrate is heated up. So it is also possible to 
use a substrate having lower melting point or softening 
point than silicon melting point as a supporting substrate, 
which has been not realized by the conventional zone melting 
recrystallization . 
[0009] 

The present invention, having the advantages from using 
laser beam as heating source in zone melting 
recrystallization and using the above two kinds of laser 
beams, has innovative characteristics. FIG. 8 shows a 
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condition of a zone melting recrystallization according to a 
method disclosed in the present invention. When the above 
first laser beam 4 and the second laser beam 5 are radiated 
at the same time onto a silicon layer (semiconductor layer) 
2 formed on an insulative substrate 1, the first laser beam 
4 is absorbed in the silicon layer 2, wherein heat is 
generated. And the second laser beam 5 is absorbed in the 
substrate 1, wherein heat is generated. Namely, when the 
silicon layer 2 is under preliminary heating by the second 
laser beam 5, it is heated by the first laser beam 4. The 
temperature profile of heating area by the two kinds of 
laser beam is as shown in FIG. 9, and it is possible to form 
silicon melting area by making the beam diameter (a 2 ) of the 

second laser beam large, and making the beam diameter (ai) 

of the first laser beam narrow, and maximizing the output of 
two kinds of laser beam. This temperature profile is 
substantially same as temperature profile to realize zone 
melting recrystallization as shown in FIG. 3 in area heated 
by laser beam, and by keeping such a temperature profile and 
scanning beam relatively with substrate, recrystallized 
monocrystal silicon is obtained by mechanism of the above 
zone melting recrystallization. Further, the present method 
is characterized in that heat generation by radiation of the 
first laser beam occurs in silicon thin film layer, and heat 
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generation by radiation of the second laser beam occurs in 
an insulative substrate, thus heat generation may occur at 
different positions. The present inventors focused attention 
upon the characteristics of this 2 -wave length laser zone 
melting recrystallization, and examined the zone melting 
recrystallization method of silicon thin film on insulative 
substrate by the present method, and have come to the 
conclusion that it is possible to obtain monocrystal silicon 
of (100) plane orientation and (111) plane orientation by 
the zone melting recrystallization method without using a 
seed crystal on an amorphous substrate. Details are 
explained hereinafter. It has been already described that in 
order to obtain monocrystal silicon on an amorphous 
substrate by the zone melting recrystallization method, 
melted liquid in excessively cooled status must be exist at 
solid - liquid boundary of recrystallization where silicon 
melted liquid carries out cooling and solidifying 
recrystallization on substrate, and in this excessively 
cooled status, the solid - liquid boundary must be faucet 
plane comprising (111) plane of silicon. FIG. 10 shows the 
changes of crystal orientation of recrystallized silicon by 
X-ray peak of recrystallized film when polycrystal silicon 
is formed on an insulative substrate and this polycrystal 
silicon is heated and melted, and recrystallized, and the 
temperature of melted silicon is changed, and 
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recrystallization is carried out. As shown in the figure, 
according to the difference of temperature of silicon melted 
liquid, there are a case where the crystal orientation 
surface of recrystallized silicon is (100) plane and a case 
where the crystal orientation surface of recrystallized 
silicon is (111) plane. Thus, the temperature at melted 
liquid of silicon is one of the factors to determine 
orientation of recrystallized silicon. Then, in reference to 
figure, the faucet structure of solid - liquid boundary of 
recrystallization in the case where monocrystal silicon thin 
film wherein crystal orientation surface has (100) plane and 
(111) plane is obtained by melting crystallization is 
explained. As shown in FIG. 11, when crystal orientation 
surface is determined to be (100) plane or (111) plane L 
according to crystal restriction, the faucet surface of 
solid - liquid boundary is required to be inclined at 
different angle. Namely, in the case of (100) plane 
orientation, the faucet surface is 55 degrees as shown in 
(a), while in the case of (111) plane orientation, the 
faucet surface is 70 degrees as shown in (b) . At other 
condition than these angles, (100) plane or (111) plane 
cannot be obtained stably. It has been known that 
temperature curve in depth direction is necessary for faucet 
surface inclination from heat simulation and so forth, and 
that the effect of heat generated in substrate is necessary 
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for realization of preferable temperature curve. The present 
invention has been made in consideration of the above 
background, and may be embodied into one wherein when zone 
melting recrystallization of silicon is carried out on an 
insulative substrate, in order to control the crystal 
orientation of recrystallized film to (100) plane or (111) 
plane, and so as to generate heat at places different in 
depth direction, a laser beam that is absorbed in the above 
semiconductor layer and a laser beam that is absorbed in the 
insulative substrate are radiated at the same time, thereby 
temperature profile in zone melting recrystallization is 
controlled. 
[0010] 

In reference to FIG. 13, components of a thin film 
semiconductor in the present invention is described 
hereinafter, the supporting substrate 1 comprises an 
insulative material. As single raw material, quartz glass, 
ceramic and other insulative materials having heat 
resistance are used, and also a substrate wherein 
appropriate insulative film is formed on a metal or a 
semiconductor may be employed as a supporting substrate in 
the present invention. Concretely, there is one wherein 
Si02, Si3N 4 and so forth are formed as insulative material on 

an silicon wafer. Or, one wherein Si0 2 , Si 3 N 4 and other 



insulative materials are formed on metals such as Fe, Al, Cu 
and so forth may be employed as a supporting substrate in 
the present invention. Further, even a material having low 
temperature than silicon melting point may be used as 
supporting substrate by forming a heat resisting layer 
thereon. As raw materials to configure a heat resisting 
layer, there are Si0 2 , Al 2 0 3/ Ti0 2 , Zr0 2 , Si 3 N 4/ BN and so 
forth as insulative ones, while there are Tic, SiC and so 
forth as conductive ones. In the case to configure a heat 
resisting layer with conductive materials, it is necessary 
to' use them in combination with the above insulative 
material. And in some cases, a combination of plural heat 
resisting materials may be employed. These raw materials are 
formed by use of various film formation methods such as 
plasma CVD method, heat CVD method, optical CVD method, 
LP-CVD method, MO-CVD method, spattering method, vacuum 
deposition method, ion beam cluster formation method and so 
forth, and various methods for improving materials such as 
ion implementation method. In the case when insulative 
material is formed on a semiconductor or a metallic material 
and is used as a supporting substrate, or in the case when a 
heat resisting layer or an insulative layer is formed on a 
low melting point material and is used as a supporting 
substrate, it is preferable to determine the thickness of a 
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heat resisting layer or an insulative layer in consideration 
of absorption of the second laser beam into material, for 
example, when carbon dioxide gas laser beam is used as the 
second laser beam, and SiC>2 is formed as an insulative layer 

or a heat resisting layer material, the thickness is around 
5 0 |im. When an insulative material as a quartz glass 
substrate is used as a single supporting substrate, from the 
requirement to keep the mechanical strength thereof, 
sufficient thickness in comparison with normal laser 
absorption thickness is selected. The value is normally 0.3 
mm - 5.0 mm, preferably 0.5 m - 2.0 mm. The silicon layer 2 
that is monocrystallized on the supporting substrate 1 by 
2-wave length zone melting recrys tallization method 
comprises polycrystal silicon o r no ncrystal silic on. Th is 
silicon layer 2 is formed by various film formation methods 
such as plasma CVD method, heat CVD method, optical CVD 
method, LP-CVD method, MO-CVD method, spattering method, 
vacuum deposition method, ion beam cluster formation method 
and so forth, and various methods for improving materials 
such as ion implementation method. And when it is judged 
necessary in the process of zone melting recrystallization, 
this silicon layer 2 may be processed into optional shape by 
use of normal photolithography. Concretely, it may be formed 
in spot shape or continued spot shape or stripe shape as 



22 



shown in FIG. 5, FIG. 6 and FIG. 7, and the purpose of these 
shapes are to control movement of silicon melted liquid on 
the supporting substrate 1, and thereby to improve stability 
of faucet growth, and this method has been often used in 
conventional zone melting recrys tallization method. The 
processing of the silicon layer 2 contributes to improvement 
of uniform film thickness of a monocrystal silicon layer 
obtained by monocrys tallization, however, it does not 
determine orientation. The film thickness 0.1jLim~5.0[imof 
the silicon layer 2 may be used in recrystallization, 
preferably 0.3 p - 1.0 p. A surface protective film 3 is 
indispensable for formation of monocrystal silicon thin film 
by zone melting recrystallization method. This is formed for 
the purpose of preventing bead up phenomenon of melted 
silicon owing to evaporation or surface tension in the 
process of zone melting recrystallization" This surface 
protective layer 3comprises insulative material, preferably, 
Si0 2 , SiO, Si 3 N 4 , SiN, and these are formed singly or in 

combination into silicon layer 2. As the methods for 
formation of the surface protective film 3, there are 
various film formation methods such as plasma CVD method, 
heat CVD method, optical CVD method, LP-CVD method, MO-CVD 
method, spattering method, vacuum deposition method, ion 
beam cluster formation method and so forth, and various 
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methods for improving materials such as ion implementation 
method. The film thickness is optimized at 0.5 Jim ~ 5.0 |Jm, 
preferably 1.0 ^m -2.0 jim. This surface protective layer 3 
may be removed in a process to form a semiconductor element 
with a thin film semiconductor device according to the 
present invention as raw material. 
[0011] 

As the first laser beam in the 2-wave length zone 
melting recrystallization method under the present 
invention, laser beam that outputs beam of wave length at 
absorption area in silicon (roughly short wave length side 
than 1.2 |im) may be used widely. Concretely, various kinds 
of excimer laser, He-Cd laser, Ar laser, He-Ne laser, ruby 
laser, alexandlite laser, YAG laser o r semi conductor laser 
of short wave length range may be used. From the view as a 
heat source to form temperature profile necessary for zone 
melting recrystallization, it is preferable that output is 
relatively large and continuous oscillation is available, 
therefore, it is preferable to select from Ar laser, YAG 
laser, or high output semiconductor laser. In these laser 
beams, in order to widen radiation area, a laser expander 
may be inserted in the course of beain and enlarge beam, and 
further, plural laser beams may be used in combination. As a 
beam shape in the case of radiation onto silicon layer, 
linear beam is preferable for realization of zone melting 
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recrystallization method. It is possible to make beam shape 
uniform in linear by use of various optical apparatuses. And 
as mentioned previously, it is possible to form a uniform 
linear beam by plural beams. And further, it is possible to 
form linear beam similarly by high speed scanning of beam. 
As the second laser beam to be used for preliminary heating 
of substrate, laser beam having absorption into insulative 
material may be used widely. Laser beam in infrared range is 
well absorbed in insulative material, so it is suitable as 
the second laser beam. Concretely, carbon dioxide gas laser 
or carbon monoxide gas laser may be employed. The beam shape 
of the second laser beam is not necessarily linear. In the 
case of radiation on the above first laser be^m, the beam 
shape may be have a size enough to control heat profile of 
recrystallization of silicon when melted by heating of the 
first laser, and as shown in FIG. 14, when the length of the 
first laser beam formed in linear is L^, the length L 2 of the 

second laser in this direction is necessary to be L2>Li, and 

preferably L2>1.2 L x . By the way, laser beam is normally 

obtained round, but it may be made into thin oval shape or 
substantially rectangular shape by use of various means. 
[0012] 

The .second laser along with the first laser beam is used 
as heat source for zone melting recrystallization of silicon 
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layer, however, the heating by the first laser beam is 
mainly for melting silicon, while heating by the second 
silicon is for controlling cooling and solidifying 
recrystallization process of melted silicon. Therefore, it 
is necessary to make the area heated by the second laser 
beam show a uniform temperature profile. For that purpose, 
the beam of the second laser beam must have a wider and more 
uniform power density than the beam of the first laser beam. 
It is possible to make beam output flat by use of various 
optical apparatuses such as a kaleidoscope, segment mirror 
and so forth. And in the same manner as in the case of the 
above first laser beam, plural laser beams may be used to 
form a flat synthetic beam. And it is possible to make the 
temperature profile of heating portion flat by scanning 
beam. And as these laser beams, besides laser beams of 
continuous oscillating type, laser beams of pulse 
oscillating type may be also used. In this manner, the beam 
of the second laser beam is radiated onto a substrate in 
arrangement where the beam of the second laser beam almost 
covers the beam of the second laser beam, but at place near 
the external circumf erence of the beam of the second laser 
beam, even if beam intensity is uniform, temperature curve 
may occur owing to large temperature difference between beam 
inside and beam outside. In such a case, it is possible to 
make temperature flat by use of beam profile where the 
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external circumf erence of beam is enhanced. 
[0013] 

The first laser beam and the second laser beam to be 
used in the 2-wave length zone melting recrystallization 
method must have the above structure and the intensity of 
respective laser beams must be modulated according to the 
temperature changes at radiation position. The present 
invention is to control and obtain recrystallized film of 
monocrystal silicon having different orientation surfaces of 
(100) plane and (111) plane by the zone melting 
recrystallization method. The mechanism wherein 
recrystallized film having different orientation surfaces is 
obtained in the 2-wave .length laser zone melting 
recr y s ta llization metho d has - been described previously. In 
order to realize a melting recrystallization temperature 
profile such as temperature curve as to determine faucet 
surface inclination of solid liquid boundary or temperature 
range of melted silicon, it is necessary to control the 
output of laser beam to be radiated. For heat amount 
generated by absorption of the first laser beam or the 
second laser beam varies with various factors such as film 
thickness of absorption layer, reflection ratio of surface 
and so forth. Therefore, in order to control temperature 
profile stably through the zone melting recrystallization 
process, it is needed to control feedback of light 
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intensity. Further, because of the reason mentioned 
formerly, in order to control orientation, required is 
control of temperature profile. As such a feedback control 
of laser beam intensity, as shown in FIG. 15, there is a 
method wherein temperature data of radiation portion is 
taken into a laser power source circuit as return signal and 
laser output is controlled. Or a method is also available 
wherein a mechanism to continuously change light intensity 
by external signal is arranged between a laser oscillator 
and a sample and this mechanism is controlled according to 
temperature changes of radiation portion. As a mechanism to 
continuously change light intensity, for example, a 
combination of two deflecting plates may be employed. The 
method for radiating the first and second laser beams having 
light output feedback control mechanism has no specific 
restrictions so long as heat profile as shown in FIG. 9 is 
formed by radiation of two laser beams on substrate and the 
zone melting recrystallization is realized. And further, as 
for heat profile shown in FIG. 9, since the process from 
melted status to solidification is important in the zone 
melting recrystallization, what is important in the zone 
melting^ recrystallization is the process from melted status 
to solidification, so there is no need for heat profile to 
be symmetrical in beam scanning direction. Preferred 
embodiments of. the present invention are described in detail 
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hereinafter. 
[0014] 

[Description of Preferred Embodiments] 

[Preferred Embodiment 1] (TFT having a monocrystal layer 
including areas having different crystal orientation 
surfaces) 

In the present preferred embodiment, Ar laser beam was 
used as the first laser beam, and carbon dioxide gas laser 
beam was used as the second laser beam. As shown in FIG. 17, 
Ar laser beam 51 from an Ar laser oscillator 27 was of beam 
diameter 1.9 mm and used in multiple line oscillating 
status, and a convex lens 26 was arranged so as to focus on 
a sample 21 in order to form a linear beam shape, and 
further a mirror 2 8 equipped with a vibrating mechanism 27 
was arranged between the convex lens 26 and the sample 21, 
and beam spot was vibrated on the sample 21 in the direction 
to cross with laser beam scanning direction, and a linear 
heat profile was formed on the sample 21. As for carbon 
dioxide gas laser beam, four units of carbon dioxide gas 
laser oscillators 35, 36, 37 and 3 8 were used, and guided to 
the sample 21 via mirrors 31, 32, 33, and 34. The beam 
diameter of carbon dioxide laser beam was 5 mm. The Ar laser 
beam 51 controls a laser power source 23 by . a temperature 
detecting portion 29 comprising a radiant thermometer and a 
feedback control portion 24, and the output thereof is 
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controlled so that temperature of measuring portion is kept 
constant through beam scanning. And as same with Ar laser 
beam 51, as for carbon dioxide laser beams 52, 53, 54, and 
55, laser power sources 39, 40, 41, and 42 are controlled 
via a temperature detecting portion 3 0 comprising radiant 
thermometer and a feedback control portion 43 . A substrate 
wherein recrystallized film is formed is made as shown 
below. In FIG. 13, as the supporting substrate 1, a 
transparent quartz glass substrate of thickness 1.0 mm was 
used. This glass supporting substrate 1 was washed in normal 
method, and was made into a silicon layer 2 to be 
monocrystallized by" the zone melting recrys tallization 
method usi^ig a low pressure chemical vapor development 
apparatus (LPCVD) and a polycrystal silic on thin film was 
formed. The film thickness is 3500A. Then the polycr ystal^ 
silicon thin film 2 was processed into stripes of width 100 
|Llm with stripe interval 100 |Lim by photolithography method as 
shown in FIG. 5. Thereafter, on this polycrystal silicon in 
stripe shape, SiC>2 thin film 3 was formed in thickness 1.2 

(lm as a surface protective layer at the zone melting 
recrystallization. The polycrystal silicon thin film sample 
formed as above is radiated by the above Ar laser beam (the 
first laser beam)- and carbon dioxide gas laser beam (the 
second laser beam) at the same time, and monocrystallized by 



the zone melting recrystallization method. The arrangement 
of the first laser beam and the second laser beam is as 
shown below. Ar laser beam 51 was vibrated by use of a 
mirror 28 so as to cross with polycrystal silicon stripe at 
right angle. The vibration frequency of the mirror at that 
moment was set 1 kHz. And the amplitude of the mirror was 
set so that the vibration width of beam of Ar laser beam 51 
should be 1 mm on silicon layer. Four carbon dioxide gas 
laser beams 52, 53, 54, and 55 from four carbon dioxide gas 
laser oscillators 35, 36, 37 and 38 were arranged at beam 
interval 3 mm so as to cover the radiation position of 
linear Ar laser beam 51 as shown in FIG. 18. (FIG. 18 is a 
concrete example wherein relations in FIG. 14 are satisfied.) 
When the output of Ar laser beam 51 is made constant at 2.0 
W, and beam is vibrated and the output of four carbon 
dioxide gas laser beams 52, 53, 54 and 55 is increased, and 
silicon layer at the position radiated by the vibrating Ar 
laser beam 51 is melted. In this status, heat profile for 
zone melting recrystallization as shown in FIG. 9 is realized 
on the substrate 1. Thereafter, when the sample 21 is moved 
by sample moving mechanism arranged at stage 25 so that Ar 
laser beam crosses with polycrystal silicon stripe 9 at 
right angle, the melted area 8 of silicon at radiation 
portion of Ar laser beam 51 expands to the downstream side 
in scanning direction along with relative scanning of laser 



beam on the sample 21, and discharges heat to outside of the 
circumference guarded thermally by four carbon dioxide gas 
laser beams 52, 53, 54 , and 55, and carries out cooling 
solidification recrystallization, and becomes a monocrystal 
stripe of width 100 fim. The expansion of silicon melted 
portion to downstream side varies with movement speed of 
sample, output of carbon dioxide gas laser beam and so 
forth, but when the output of four carbon dioxide gas laser 
beams 52, 53, 54 and 55 was 3 0 W and movement speed of 
sample 21 was 1 mm/s, the expansion of melted silicon to 
downstream side was about 1 mm. Thereafter, the temperature 
of melted liquid of silicon of radiation portion of Ar laser 
beam 51 was detected by temperature detecting portion 29 
(measuring point A) , and the output of Ar laser beam 51 was 
controlled so that temperature should be constant by the 
above control method, further, the temperature of a position 
at 500 |iim far below from solid portion of silicon melted 
liquid expanding to downstream side along with scanning of 
sample 21 was detected by the temperature detecting portion 
3 0 (measuring point B) , and in the same manner, the output 
of four carbon dioxide gas laser beams 52, 53, 54 and 55 was 
controlled so that temperature should be constant by the 
above control method. In this way, by controlling the 
temperatures at the measuring points A and B constant, it 
was possible to obtain stable recrystallized film over 
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scanning of laser beams on substrate. Further , when the 
temperatures at the measuring points A and B were set to the 
range shown in TABLE 1, the orientation surfaces of 
monocrystal silicon obtained by scanning laser beam on the 
substrate were of (100) plane orientation and (111) plane 
orientation. By repetition of the above operation, 
orientation was controlled by the 2 -wave length laser zone 
melting recrystallization method, and polycrystal silicon 
stripe on the substrate 1 was monocrystallized. Thereafter, 
Si02 thin film 3 on the surface protective layer 3 was 
etched and removed by cushion fluoro oxide solution. Thus a 
thin film semiconductor device according to the present 
invention was completed. 



[TABLE 1] 





Orientation of recrystallized 
silicon film 


(100) plane 
orientation 


(111) plane 
orientation 


Temperature range at 
measuring point A 


1423 ~ 1427 


1432 - 1438 


Temperature range at 
measuring point B 


1345 ~ 1350 


1325 ~ 1330 



[0015] 

[Preferred Embodiment 2] 

Further, an applied preferred embodiment is shown 
wherein a thin film semiconductor device according to 
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preferred embodiment is used. By use of a method disclosed 
in the present invention, a recrystallized film having (111) 
plane orientation and a recrystallized film having (100) 
plane orientation were formed adjacent to each other. On the 
recrystallized film having (111) plane orientation, row of 
PIN photo diode of light taking area (pixel are) 100 fl x 100 
|a was formed at pitch 125 \i. While on the recrystallized 
film having (100) plane orientation, formed was a switch 
comprising MOS type electric field effect transistor for 
taking out signal in correspondence to each of raw of the 
above PIN photo diode. This switch row converts optical 
signal of the above PIN photo diode into time-oriented 
electric signal by opening and closing operation by clock 
s ignal f rom external side. In this manner, a one-dimensional 
optical sensor array (density 8 pieces/mm) was completed by 
use of a thin film semiconductor device according to the 
present invention. 
[0016] 

[Preferred Embodiment 3] (TFT having monocrystal area and 
polycrystal area) 

A preferred embodiment according to the present 
invention is explained in reference to FIG. 17. In the 
present preferred embodiment, Ar laser beam was used as the 
first laser beam, and carbon dioxide gas laser beam was used 
as the second laser beam. Ar laser beam 51 was of beam 

34 



diameter 1.9 mm and used in multiple line oscillating 
status, and a convex lens 26 was arranged so as to focus on 
a sample 21 in order to form a linear beam shape, and 
further a mirror 28 equipped with a vibrating mechanism 27 
was arranged between the convex lens 2 6 and the sample 21, 
and beam spot was vibrated on the sample 21 in the direction 
to cross with laser beam scanning direction, and a linear 
heat profile was formed on the sample 21. As for carbon 
dioxide gas laser beam, four units of carbon dioxide gas 
laser oscillators 35, 36, 37 and 38 were used, and guided to 
the sample 21 via mirrors 31, 32, 33, and 34. The beam 
diameter of carbon dioxide laser beam was 5 mm. The Ar laser 
beam 51 controls a laser power source 23 by a temperature 
detecting portion 29 comprising a radiant thermometer and a 
feedback control portion 24, and the output thereof is 
controlled so that temperature of measuring portion is kept 
constant through beam scanning. And as same with Ar laser 
beam, as for carbon dioxide laser beams, laser power sources 
39, 40, 41, and 42 are controlled via a temperature 
detecting portion 2 9 comprising radiant thermometer and a 
feedback control portion 24. A substrate wherein 
recrystallized film is formed is made as shown below. In 
FIG. 13, as the supporting substrate 1, a transparent quartz 
glass substrate of thickness 1.0 mm was used. This glass 
supporting substrate was washed in normal method, and was 



made into a silicon layer 2 to be monocrystallized by the 
zone melting recrystallization method using a low pressure 
chemical vapor development apparatus (LPCVD), and a 
polycrystal silicon thin film was formed. The film thickness 
is 4000A. SiC>2 thin film 3 was formed in thickness 2.0 jim on 

polycrystal silicon as a surface protective layer at the 
zone melting recrystallization by use of an LPCVD device. 
The polycrystal silicon thin film sample formed as above is 
radiated by the above Ar laser beam (the first laser beam) 
and carbon dioxide gas laser beam (the second laser beam) at 
the same time, and monocrystallized by the zone melting 
recrystallization method. And at area where polycrystal is 
required, Ar laser beam and carbon dioxide gas laser beam 
are arranged not to radi ate . Thereby, area of mon ocrystal 
and area of polycrystal may be formed selectively. The 
arrangement of the first laser beam and the second laser 
beam is as shown below. Ar laser beam 51 was vibrated by use 
of a mirror 28 so as to cross with scanning direction at 
right angle. The vibration frequency of the mirror at that 
moment was set 1 kHz. And the amplitude of the mirror was 
set so that the vibration width of beam of Ar laser beam 51 
should be 1 mm on silicon layer. Four carbon dioxide gas 
laser beams 52, 53, 54, and 55 were arranged at beam 
interval 3 mm so as to cover the radiation position of 



linear Ar laser beam 51 as shown in FIG. 18. When the output 
of Ar laser beam 51 is made constant at 2.0 W, and beam is 
vibrated and the output of four carbon dioxide gas laser 
beams 52, 53, 54 and 55 is increased, and silicon layer at 
the position radiated by the vibrating Ar laser beam 51 is 
melted. In this status, heat profile for zone melting 
recrystallization as shown in FIG. 9 is realized on the 
substrate 1. Thereafter, when the sample 21 is moved by 
sample moving mechanism arranged at stage 25, the melted 
area of silicon at radiation portion of Ar laser beam 51 
expands to the downstream side in scanning direction along 
with relative scanning of laser beam on the sample 21, and 
discharges heat to outside of the circumference guarded 
thermally by four carbon dioxide gas laser beams 52, 53, 54, 
and 55, and carries out cooling solidification 
recrystallization, and is monocrystallized. The expansion of 
silicon melted portion to downstream side varies with 
movement speed of sample, output of carbon dioxide gas laser 
beam and so forth, but when the output of four carbon 
dioxide gas laser beams 52, 53, 54 and 55 was 3 0 W, the 
expansion of melted silicon to downstream side was about 1 
mm. Thereafter, the temperature of melted liquid of silicon 
of radiation portion of Ar laser beam 51 was detected by 
temperature detecting portion 29 (measuring point A44 in 
FIG. 19), and the output of Ar laser beam 51 was controlled 
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so that temperature should be constant by the above control 
method, further, the temperature of a position at 500 Jim far 
below from solid portion of silicon melted liquid expanding 
to downstream side along with scanning of sample 21 was 
detected by the temperature detecting portion 3 0 (measuring 
point B45 in FIG. 19), and in the same manner, the output of 
four carbon dioxide gas laser beams 52, 53, 54 and 55 was 
controlled so that temperature should be constant by the 
above control method. In this way, by controlling the 
temperatures at the measuring points A44 and B45 constant, 
it was possible to obtain stable recrystallized film over 
scanning of laser beams on substrate. Further, when the 
temperatures at the measuring points A44 and B45 were set to 
the range shown in TABLE 1, the orientation surfaces of 
monocrystal silicon obtained by scanning laser beam" on the 
substrate were of (100) plane orientation and (111) plane 
orientation. And at area wherein polycrystal is required, it 
was set that C0 2 laser beams 52, 53, 54, and 55 were not 

radiated by use of Ar laser 51 and four C0 2 laser 

oscillators. By repetition of the above operation, 
orientation was controlled by the 2 -wave length laser zone 
melting recrystallization method, and monocrystal silicon 
and polycrystal silicon having orientation surfaces 
controlled to (100) plane and (111) plane were formed on the 
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substrate 1. By the way, FIG. 19 shows that when a thin film 
semiconductor device of the present invention is formed in 
the laser beam arrangement shown in FIG. 18, silicon melted 
area keeps its melted status and expands backward even after 
radiation of the first laser beam. Thereafter, Si0 2 thin 
film 3 on the surface protective layer 3 was etched and 
removed by cushion fluoro oxide solution. Thus a thin film 
semiconductor device according to the present invention was 
completed. 
[0017] 

[Preferred Embodiment 4] (TFT having monocrystal area and 
polycrystal area) 

Explanation is made in reference to FIG. 21. The present 
preferred embodiment is an applied one using a thin film 
semiconductor device of the Preferred Embodiment 3. On a 
transparent quartz glass substrate, by use of a method of 
the present invention, a recrystallized film 61 having (111) 
plane orientation and a recrystallized film 62 having (100) 
plane orientation were formed adjacent to each other, and a 
polycrystal silicon 63 was formed between the above films. 
Thereafter, by use of normal semiconductor process, row 64 
of PIN photo diode of light taking area (pixel are ) 100 \i x 
100 jll was formed at pitch 125 |I on the recrystallized film 
61 having (111) plane orientation. While on the 
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recrystallized film 62 having (100) plane orientation, 
formed was a switch 65 comprising MOS type FET for taking 
out signal in correspondence to each of raw of the above PIN 
photo diode. Wiring 66 was carried out by polycrystal 
silicon on the electrical connection between the above FET 
65 and the above PIN photo diode row 64. This polycrystal 
silicon is sufficiently diffused in impurity diffusion 
process during semiconductor process . In this diffusion 
process, polycrystal silicon 67 of gate electrode of MOS 
type transistor is diffused at the same time. The switch row 
of MOS type FET converts optical signal of the above PIN 
photo diode into time-oriented electric signal by opening 
and closing operation by clock signal from external side. In 
this manner, by use of a thin film semiconductor device 
according to the present invention, a one-dimensional 
optical sensor array (density 8 pieces/mm) with fewer 
metallic wiring was completed. 
[0018] 

[Preferred Embodiment 5] 

A structure of the present preferred embodiment is 
explained in reference to FIG. 17. In the present preferred 
embodiment, Ar laser beam was used as the first laser beam, 
and carbon dioxide gas laser beam was used as the second 
laser beam. Ar laser beam 51 was of beam diameter 1 . 9 mm and 
used in multiple line oscillating status, and a convex lens 
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2 6 was arranged so as to focus on a sample 21 in order to 
form a linear beam shape, and further a mirror 2 8 equipped 
with a vibrating mechanism 27 was arranged between the 
convex lens 2 6 and the sample 21, and beam spot was vibrated 
on the sample 21 in the direction to cross with laser beam 
scanning direction, and a linear heat profile was formed on 
the sample 21. As for carbon dioxide gas laser beam, four 
units of carbon dioxide gas laser oscillators 35, 3 6 , 37 and 

3 8 were used, and guided to the sample 21 via mirrors 31, 
32, 33, and 34. The beam diameter of carbon dioxide laser 
beam was 5 mm. The Ar laser beam 51 controls a laser power 
source 23 by a temperature detecting portion 29 comprising a 
radiant thermometer and a feedback control portion 24, and 
the output thereof is controlled so that temperature of 
measuring portion is kept constant through beam scanning." 
And as same with Ar laser beam, as for carbon dioxide laser 
beams, laser power sources 39, 40, 41, and 42 are controlled 
via a temperature detecting portion 3 0 comprising radiant 
thermometer and a feedback control portion 43. In FIG. 13, as 
the supporting substrate 1, a transparent quartz glass 
substrate of thickness 1.6 mm was used. This glass 
supporting substrate was washed in normal method, and was 
made into a noncrystal silicon thin film as a silicon layer 
2 to be monocrys tallized by the zone melting 
recrystallization method using a spattering apparatus. The 
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film thickness is 3500A. Hydrogen content ratio was 0,8 
atom% by IR spectral analysis. Thereafter, Si0 2 thin film 

was formed in thickness 1.5 pm on noncrystal silicon as a 
surface protective layer 3 at the zone melting 
recrystallization by use of an LPCVD device. The noncrystal 
silicon thin film sample formed as above is radiated by the 
above Ar laser beam (the first laser beam) and carbon 
dioxide gas laser beam (the second laser beam) at the same 
time, and monocrys tallized by the zone melting 
recrystallization method. The arrangement of the first laser 
beam and the second laser beam is as shown below. Ar laser 
beam 51 was vibrated by use of a mirror 2 8 so as to cross 
with sample moving direction at right angle. The vibration 
frequency of the mirror at that moment wa s set 1 kHz. An<l 
the amplitude of the mirror was set so that the vibration 
width of beam of Ar laser beam 51 should be 1 mm on silicon 
layer. Four carbon dioxide gas laser beams 52, 53, 54, and 
55 were arranged at beam interval 3 mm so as to cover the 
radiation position of linear Ar laser beam 51 as shown in 
FIG. 18. When the output of Ar laser beam 51 is made constant 
at 2.0 W, and beam is vibrated and the output of four carbon 
dioxide gas laser beams 52, 53, 54 and 55 is increased, and 
silicon layer at the position radiated by the vibrating Ar 
laser beam 51 is melted. In this status, heat profile for 
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zone melting recrystallization as shown in FIG. 9 is realized 
on the substrate 1. And further, when the sample 21 is moved 
by sample moving mechanism arranged at stage 25, the melted 
area of silicon at radiation portion of Ar laser beam 51 
expands to the downstream side in scanning direction along 
with relative scanning of laser beam on the sample 21, and 
discharges heat to outside of the circumference guarded 
thermally by four carbon dioxide gas laser beams 52, 53, 54, 
and 55, and carries out cooling solidification 
recrystallization, and monocrystal silicon area of stripe 
shape of width 500 jLlm is formed. The expansion of silicon 
melted portion to downstream side varies with movement speed 
of sample, output of carbon dioxide gas laser beam and so 
forth, but when the output of four carbon dioxide gas laser 
beams 52, 53, 54 and 55 was 3 0 W and movement speed of 
sample 21 was 1 mm/s, the expansion of melted silicon to 
downstream side was about 1 mm. At. this moment, the 
temperature of melted liquid of silicon of radiation portion 
of Ar laser beam 51 was detected by temperature detecting 
portion 29 (measuring point A shown by 44) as shown in 
FIG. 19, and the output of Ar laser beam 51 was controlled so 
that temperature should be constant by the above control 
method, further, the temperature of a position at 500 pm far 
below from solid portion of silicon melted liquid expanding 
to downstream side along with scanning of sample 21 was 
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detected by the temperature detecting portion 3 0 (measuring 
point B shown by 45) , and in the same manner, the output of 
four carbon dioxide gas laser beams 52, 53, 54 and 55 was 
controlled so that temperature should be constant by the 
above control method. In this way, by controlling the 
temperatures at the measuring points A and B constant, it 
was possible to obtain stable recrys tallized film over 
scanning of laser beams on substrate. Further, the 
temperature range of the measuring point A was made 142 0°C ~ 
143 0 o C, and the temperature range of the measuring point B 
was set 1330°C ~ 1340°C, a monocrystal silicon area where 
there was little sub grain boundary shown in FIG. 12 was 
formed. Thereafter, Si0 2 thin film on the surface protective 
layer 3 was etched and removed by cushion fluoro oxide 
solution. Thus a thin film semiconductor device according to 
the present invention was completed. 
[0019] 

[Preferred Embodiment 6] 

In the next place, explained is an applied preferred 
embodiment wherein a thin film semiconductor device 
according to Preferred Embodiment 5 is used. By use of a 
method disclosed in the present invention, a noncrystal 
silicon thin film and a monocrystal silicon thin film were 
formed on a single surface. And on the noncrystal silicon 
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thin film, after plasma hydrogen processing, row of a-Si:H 
photo diode of light taking area (pixel are ) 100 |im x 100 m 
|l was formed at pitch 125 (I. And on the monocrystal silicon 
thin film, formed was a switch comprising MOS type electric 
field effect transistor for taking out signal in 
correspondence to each of raw of the above PIN photo diode. 
This switch row converts optical signal of the above PIN 
photo diode into time-oriented electric signal by opening 
and closing operation by clock signal from external side. In 
this manner, a one-dimensional optical sensor array (density 
8 pieces /mm) was completed by use of a thin film 
semiconductor device according to the present invention. 
[0020] 

[Comparative Embodiment 7] 

On a transparent quartz glass substrate similar to that 
in the Preferred Embodiment 5, formed was a noncrystal 
silicon layer by LP-CVD method, the film thickness thereof 
was 3400 A, and the hydrogen content ratio was 5 atom% by IR 
spectral. And SiC>2 thin film was formed in thickness 1.5 (im 

on the noncrystal silicon layer by LP-CVD method. And the 
noncrystal silicon thin film raw material substrate formed 
as above was under zone melting recrystallization in the 
same method as in the Preferred Embodiment 5, and a great 
number of voids occurred in recrystallized film, and there 
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was not any substrate available for device formation. 
[0021] 

[Effect of the Invention] 

According to the present invention, a thin film 
semiconductor device of an innovative type wherein specific 
areas on a single semiconductor layer have different crystal 
orientation surfaces and/or different crystal conditions per 
area has been provided. According to the present invention, 
wherein it is possible to optionally form crystal 
orientation surfaces, or areas having crystal property 
suitable for purposes and applications on a single 
substrate, it is possible to help wide range of device 
design, manufacturing processes, and also it is possible to 
provide high performance devices . 
~ [Brief Description of the Drawings] 

FIG.l is a schematic diagram showing polycrystallization 
owing to temperature distribution in melting 
recrystallization . 

FIG. 2 is a schematic diagram showing monocrystallization 
owing to temperature distribution in melting 
recrystallization . 

FIG. 3 (a) is a preferable temperature distribution of a 
silicon thin film in the direction (arrow mark) of 
recrystallization, wherein portion at temperature exceeding 
the silicon melting point 1412°C is under melting 
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recrystallization. FIG. 3 (b) is a schematic diagram of a 
thin film semiconductor device comprising insulative 
substrate having silicon thin film layer and 8 shows silicon 
melted portion. 

FIG. 4 is a diagram showing a solid - liquid boundary of 
melted silicon. 

FIG. 5 is a plane view of a thin film semiconductor 
device wherein the shape of silicon layer arranged on an 
insulative substrate is of stripe shape. 

FIG. 6 is a plane view of a thin film semiconductor 
device wherein the shape of silicon layer arranged on an 
insulative substrate is of spot shape. 

FIG. 7 is a plane view of a thin film semiconductor 
device wherein the shape of silicon layer arranged on an 
insulative substrate is of continued spot shape. 

FIG. 8 is a cross section of a thin film semiconductor 
showing the status of the zone melting recrystallization 
under the present invention. 

FIG. 9 is a temperature profile of heated areas by two 
kinds of laser beam under the present invention. 

- FIG. 10 is a diagram showing X-ray peak of recrystallized 
film under the present invention. 

FIG. 11 (a) shows a faucet surface angle of (100) crystal 
orientation surface. 

FIG. 11 (b) shows a faucet surface angle of (111) crystal 
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orientation surface. 

FIG. 12 is a schematic diagram showing generation of 
temperature profile and sub grain boundary at melting 
recrystallization of silicon layer. 

FIG. 13 is a cross section of a thin film semiconductor 
device according to the present invention. 

FIG. 14 is a diagram showing a preferable relative 
position relation of the first laser beam and the second 
laser beam that enables 2 -wave length zone melting 
recrystallization method used in a thin film semiconductor 
device according to the present invention. 

FIG. 15 is one example of a feedback system of laser beam 
intensity. 

FIG. 16 is another example of a feedback system of laser 
beam intensity. 

FIG. 17 shows a laser radiation system in a preferred 
embodiment according to the present invention. 

FIG. 18 shows an example of combination radiation of the 
first laser and the second laser. 

FIG .19 is a schematic diagram showing zone melting 
recrystallization carried out by arrangement of laser beam 
in a preferred embodiment according to the present 
invention. 

FIG. 20 is a schematic diagram of zone melting method 
using a linear heater. 
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FIG. 21 (a) is a plane view of a thin film semiconductor 
device used in the preferred embodiment 5 under the present 
invention. 

FIG. 21 (b) is a schematic diagram of an optical sensor 
array in the preferred embodiment 4 obtained by processing 
the above (a) . 
[Descriptions of Codes] 

1 Insulative substrate 

2 Semiconductor layer (silicon layer) 

3 Surface protective layer 

4 First laser beam 

5 Second laser beam 
8 Melted area 

11 Insulative substrate 

12 Laser oscillator 

13 Laser power source 

14 Feedback control portion 

15 Temperature detecting portion 

16 Optical modulation portion 

21 Sample 

22 Ar laser oscillator 

23 Ar laser power source 

24 Ar laser feedback control portion 

25 Stage 

26 Convex lens 

49 



27 


Mirror vibrating mechanism 




28 


Ar laser mirror 








29 


Ar laser temperature detecting portion 




30 


Carbon 


dioxide 


gas 


laser 


temperature detecting portion 


31 


Carbon 


dioxide 


gas 


laser 


mirror detecting 


portion 


32 


Carbon 


dioxide 


gas 


laser 


mirror detecting 


portion 


33 


Carbon 


dioxide 


gas 


laser 


mirror detecting 


portion 


34 


Carbon 


dioxide 


gas 


laser 


mirror detecting 


portion 


35 


Carbon 


dioxide 


gas 


laser 


oscillator 




36 


Carbon 


dioxide 


gas 


laser 


oscillator 




37 


Carbon 


dioxide 


gas 


laser 


oscillator 




38 


Carbon 


dioxide 


gas 


laser 


oscillator 




39 


Carbon 


dioxide 


gas 


laser 


power source 




40 


Carbon 


dioxide 


gas 


laser 


power source 




41 


Carbon 


dioxide 


gas 


laser 


power source 




42 


Carbon 


dioxide 


gas 


laser 


power source 




43 


Carbon 


dioxide 


gas 


laser 


feedback control 


portion 


44 


Temperature measuring point A 




45 


Temperature measuring point B 




46 


Melted 


area 










51 


Ar laser beam 










52 


Carbon 


dioxide 


gas 


laser 


beam 




53 


Carbon 


dioxide 


gas 


laser 


beam 




54 


Carbon 


dioxide 


gas 


laser 


beam 




55 


Carbon 


dioxide 


gas 


laser 


beam 





*g 50 



61 Recrystallized area having (111) plane orientation 

62 Recrystallized area having (100) plane orientation 

63 Polycrystal silicon area 

[FIG.l] Polycrystal (low) Temperature (high) 
[FIG. 2] Polycrystal Monocrystal Polycrystal 

(low) Temperature (high) 
[FIG. 3] Temperature Position 

[FIG. 4] Solid body (monocrystal) Exc e s s ive ly c 

areaMelted area 

[FIG. 5] [FIG. 6] [FIG. 7] [FIG. 8] 

[FIG. 9] Temperature 

[FIG. 10] X-ray peak of recrystallized film 
Temperature 

[FIG. 11] (a) Surface (100) plane orientation 



Faucet Solid 



Liquid 



Substrate 



(b) 



Surface (111) plane orientation 



Faucet Solid 



Liquid 



Substrate 



[FIG. 12] 



Scanning direction Temperature profile A 



Temperature profile B 



Melting point 



Temperature 



Melted area 



Excessively cooled area 



Sub grain boundary 



Melting width 



Liquid phase Solid pTaase 



(111) faucet 



[FIG. 13] [FIG. 14] [FIG. 15] [FIG. 16] [FIG. 17] 

[FIG. 18] [FIG. 19] [FIG. 20] [FIG. 21] 
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